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Sustained assessment of the climatic impacts of land use and land cover change is essential.
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L and use and land cover change (LULCC) plays an  important role in the climate system. Many  studies have documented the impacts of LULCC 
on local, regional, and global climate. The National 
Climate Assessment Report (Melillo et al. 2014) 
identifies LULCC as a “cross cutting” issue of future 
climate change studies. This report, and the previous 
U.S. Climate Change Science Program strategic plan 
(2003), noted that land use and land cover (LULC) 
and its feedback is an important source of uncertainty 
within the climate system (Melillo et al. 2014). As a 
result, the report calls for a better understanding of 
this research theme and recognized it as a high prior-
ity within research goal 1 (Melillo et al. 2014). In the 
recent past, the NRC (2005) and a number of papers 
in the scientific literature also called for broadening 
the scope of how we assess climate change (e.g., 
McAlpine et al. 2010; Pielke et al. 2009). As a result, 
LULCC has been identified as an important climate 
forcing by the scientific community. Key research 
on biogeophysical and biogeochemical impacts of 
LULCC on climate can be found in Pielke (2001), 
Feddema et al. (2005), Bala et al. (2007), Denman 
et al. (2007), Bonan (2008), Shevliakova et al. (2009), 
Arora and Boer (2010), Hibbard et al. (2010), Brovkin 
et al. (2013), and Mahmood et al. (2014).
Thus, to prepare the United States for future 
climate change and variability, a sustained assess-
ment of LULCC (both natural and human managed) 
and its climatic impacts need to be undertaken. To 
address this objective, this paper proposes a series 
of action items (Fig. 1). In addition, national-scale 
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institutional capabilities are identified and discussed. 
Included in the discussions are challenges and 
opportunities for collaboration among these institu-
tions for a sustained assessment. Ideally, international 
collaboration should also be pursued but this topic 
is beyond the scope of this discussion. Moreover, in 
this paper, references to climatic impacts of LULCC 
include both biophysical and biogeochemical com-
ponents. Additionally, the discussion presented here 
is a follow-up work linked to the activities related to 
the U.S. National Climate Assessment, and it used 
selected examples from the United States and referred 
to the U.S. institutions. However, we suggest that 
many of these activities are global in nature and other 
nations have a comparable institutional setup. Hence, 
these discussions can provide important guidelines 
or points of discussions for “sustained assessment” 
for other nations of the world.
SUSTAINED ASSESSMENT OF CLIMATE 
AND LULCC CONNECTIONS. The goal of 
an ongoing assessment capability should focus on 
understanding and explaining how climate and 
LULCC influence each other now and in the future. 
Understanding the connections and consequences 
of LULCC and climate will require ongoing moni-
toring, the translation of LULC into parameters 
relevant to meteorological and climatological pro-
cesses, and the assessment of the real impacts that 
climate and LULCC have on each other. To fulfill 
these overarching goals, an ongoing LULCC–climate 
assessment should address the following:
• What are the primary contemporary trends in 
LULCC that affect, or are affected by, weather and 
climate?
• Of these trends, which sectors and regions are 
most affected by weather and climate variability?
• Which types of land use (thus, related changes) 
and regions are most vulnerable to climate change, 
and what are the spatial and temporal dimensions 
of the processes that affect their vulnerability?
• How are land use practices adapting to climate 
change?
Assessment research and development needs to fulf ill 
overarching goals. To address assessment goals and 
related specific questions (bulleted items above), 
research and development need to focus on a series 
of objectives that ensure assessment results that are 
credible and relevant. Some specific foundational ob-
jectives for an ongoing assessment capability include 
the following:
I) Improve understanding of the connections 
between LULCC and weather and climate (Fig. 1). 
For effective modeling and assessment of climate 
and LULCC forcings and feedbacks, research 
should be carried out that
a) Improves our current understanding of how 
LULCC and atmospheric interactions are 
linked at local to global scales. In this process, 
it should also identify tipping points and lags 
of LULCC impacts.
b) Validates these connections through an analy-
sis of the historical record. Past changes could 
be identified in LULCC that are attributable to 
changes in climate in order to project future 
changes in LULCC that could result from 
changes in climate.
Both the climate and the human activities that re-
sult in LULCCs are complex systems (Liu et al. 2007) 
and can only be observed with limited direct observa-
tions. For understanding both systems and how they 
interact, it is necessary to undertake new modeling 
research. Land-Use and Climate, Identification of 
Robust Impacts (LUCID; Pitman et al. 2009) and 
phase 5 of the Coupled Model Intercomparison Project 
(CMIP5) can provide the initial building blocks. 
Currently, many of the modeling systems are applied 
to simulate the climate system with assumptions 
on how land cover patterns will change with time 
(Brovkin et al. 2006) or to model land cover change 
with assumptions on how climate will change with 
time (Sohl and Sayler 2008). A research objective that 
better couples these models needs to adopted, so that 
feedback between the systems can be incorporated.
Any given model may be most appropriate for 
addressing a limited number of questions. Hence, 
it may be necessary to use a suite of models to fully 
understand system behavior [e.g., LUCID experiments 
(Pitman et al. 2009; de Noblet-Ducoudré et al. 2012; 
Brovkin et al. 2013), CMIP5, the Agricultural Model 
Intercomparison and Improvement Project (AgMIP), 
and the Inter-Sectorial Impact Model Intercom-
parison Project (ISI-MIP)]. The models are calibrated 
using observational data in historical periods, and 
the calibrated models may be used to project into the 
future. The ultimate purpose of the data collection 
and model simulations includes learning and better 
understanding of system complexity and subsequently 
informing decision makers and the public about 
anticipated impacts on human and ecological systems 
(including agricultural, forest, wildlife, and human 
communities), so that activities to mitigate and to 
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adapt to the changes can be 
planned and undertaken.
To provide input to cli-
mate and meteorological 
models, LULCC forecast 
models must be spatially 
explicit, provide a means 
to parameterize key land–
atmosphere interactions, 
and provide scenario-based 
forecasts for 50–100 years. 
There are several forecast 
models in use that can be 
used to project regional to 
national LULCC patterns 
i nto  t he  f ut u re  [e . g . , 
FOREcasting SCEnarios 
of  Future La nd-Cover 
(FORE–SCE) by Sohl et al. 
2010] that are being used for 
the U.S. Geological Survey 
(USGS) LandCarbon study 
on carbon management 
opportunities). However, none of the models provides 
more than rudimentary handling of climate model 
variables. The most viable future LULCC projections 
will be those based on well-defined and vetted scenar-
ios. For example, these would be based on sound land 
change histories and consideration of the influences 
that key drivers including policy, economics, popula-
tion, culture, and technology will have under changing 
climate conditions. This approach is being investigated 
by Sleeter et al. (2012) through downscaling of the 
Special Report on Emissions Scenarios (SRES) story 
lines to ecoregions across the United States based on 
the integrated use of future climate conditions, region-
al resource conditions (e.g., geology, soils, topography), 
land use history, and expert knowledge. This approach 
provides a consistent overall framework of plausible 
scenarios that is regionally relevant but also consistent 
with global perspectives and influences. The U.S. En-
vironmental Protection Agency (EPA) Global Change 
Research Program’s Integrated Climate and Land Use 
Scenarios (ICLUS) project has established scenarios 
broadly consistent with the global-scale Intergovern-
mental Panel on Climate Change (IPCC) SRES story 
lines of population growth and economic development 
(U.S. Environmental Protection Agency 2009). The 
EPA ICLUS forecast provides spatially explicit maps 
of housing density and the expansion of impervious 
surfaces based on SRES story lines.
Because the SRES story lines were developed for 
use by climate change modelers to develop projections 
of future climate, they represent a reasonable starting 
point for a LULCC and climate assessment in the 
United States. The USGS has also used SRES story 
lines to establish a nationally consistent library of 
future land change scenarios for use in addressing 
biological carbon sequestration opportunities (Zhu 
et al. 2010). The USGS effort addresses all major 
land cover types found in the conterminous United 
States, and the SRES story lines are being developed 
for the ecoregions of the country. The SRES story 
lines provide the broad-level boundary conditions 
in the United States, and historical land cover trends 
are used to establish the basis for future regional 
land changes.
The IPCC’s Fifth Assessment Report (AR5) 
is providing new concepts that will improve the 
relevance of scenario story lines. The representative 
concentration pathways concept should improve the 
consistency of the links between LULCC by explicitly 
specifying sectoral emissions and air pollutants 
(van Vuuren et al. 2011). The shared socioeconomic 
pathways concept that combines these future radia-
tive pathways with alternative socioeconomic devel-
opment avenues should improve the relevance of 
scenarios and modeling results (O’Neill et al. 2014).
Improvements in land change forecasts should 
benefit from the current National Research Council 
(NRC) study on the needs and research for land 
change modeling (NRC 2014), which is an important 
step toward improving future LULC forecasts. This 
Fig. 1. Key components of a sustained assessment of LULCC and climatic 
impacts.
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study was recommended by the U.S. Global Change 
Research Program (USGCRP) Land Use Interagency 
Working Group based on the LULCC science pri-
orities specified in the 2003 Climate Change Science 
Program’s science strategy (U.S. Climate Change 
Science Program 2003). The NRC study should 
provide a thorough review of the present status of 
spatially explicit land change modeling approaches, 
the maturity of scenario research, and describe future 
data and research needs so that modeling efforts can 
better assist the science, policy, and decision-support 
communities. In addition, we suggest that land use 
forecast efforts should address historical and project-
ed land use mapping from aggregate demand, which 
is based on land use suitability, economic viability, 
hydrological resource availability, and costs of trans-
formation. All of these activities should address the 
first three bulleted items.
II) Improve coupling of LULC states and conditions 
within meteorological and climatological models 
(Fig. 1). This will require the following:
a) The translation of LULC variables into quan-
titative parameters that directly relate to the 
physics and chemistry connected with the 
exchange of energy, water, momentum, and 
particulate between the land surface and the 
atmosphere.
b) The ongoing development of multiresolu-
tion LULC parameters (biogeophysical and 
biogeochemical) needed to improve the 
accuracy of climate model forecasts. This also 
involves the ongoing development of climate 
data records and essential climate variables—
datasets based on international standards 
that ensure relevant, stable measures needed 
to understand climate and climate impacts 
(Global Climate Observing System 2010).
c) Efforts to couple climate and LULC forecast 
models, so that the dynamics of each compo-
nent are part of the modeling process.
d) Model intercomparability studies should be 
used to determine the strengths and weakness 
of different models and modeling approaches.
Over the years, significant progress has been made 
in model design (physics and chemistry) that can 
address LULCCs and their interactions with weather 
and climate (e.g., Hurrell et al. 2013; Skamarock et al. 
2008). Subsequently, both regional- and global-scale 
modeling efforts have been undertaken to determine 
the impacts and interactions. However, it is evident 
that experimental design and modeling capabilities 
need further improvement.
A number of in situ and remote weather and cli-
mate observation platforms are currently available 
that can be used to identify signals of impacts of 
LULCC on atmospheric data. These include the U.S. 
Climate Reference Network (USCRN) and several 
high-quality regional mesonets (e.g., Oklahoma, 
Kentucky, and Nebraska Mesonets). The latter could 
be excellent platforms for regional- and local-scale 
signals. In addition, satellite data can be used in con-
junction with the in situ observations when available.
The International Global Energy and Water Cycle 
Experiment (GEWEX) or the First International 
Satellite Land Surface Climatology Project (ISLSCP) 
Field Experiment (FIFE) are examples of large collab-
orative research campaigns in which many scientific 
organizations interact to achieve broad and integra-
tive scientific goals. One such goal is to understand 
how land surface hydrology influences water avail-
ability and security (Trenberth 2011). One element 
of reaching the goal is to account for realistic land 
surface complexity, including human influences such 
as LULCC and urbanization. Water quality, including 
water temperature and nutrient loadings, is affected by 
human influences, such as industrial and power plant 
use (NRC 2001). The availability of water for human 
use and ecological systems will, in turn, be affected 
by ecosystem responses to projected changing climate. 
Extremes of weather can also cause water systems to 
be vulnerable. On the other hand, good management 
and governance can increase resilience.
A range of multiresolution geospatial land cover-
related datasets would cover a variety of analysis 
functions—for example, model parameterization, 
monitoring trend in land condition, disturbance 
detection, and impact evaluation. Earth observations 
from global daily polar orbiter instruments such as 
the National Oceanic and Atmospheric Adminis-
tration (NOAA) Advanced Very High Resolution 
Radiometers (AVHRR), the National Aeronautics 
and Space Administration (NASA) Moderate Reso-
lution Imaging Spectroradiometer (MODIS) and the 
NASA–NOAA Visible Infrared Imager Radiometer 
Suite (VIIRS) provide 250–1000-m-resolution ob-
servations that can be used to generate current land 
parameters for meteorological models (e.g., surface 
albedo, surface temperature, leaf area index, and land 
cover). The NASA MODIS land products provide an 
important source for parameter datasets covering 
national to global scales (Justice et al. 2002). These 
same data can also be used to monitor vegetation 
condition trends, ranging from weeks to years. The 
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USGS vegetation drought response index (VegDRI) 
product is an example of a national weekly geospatial 
land condition product (Brown et al. 2008).
Higher-resolution land cover characteristics and 
land cover change data are needed to detect distur-
bances or land cover transformations from local to 
national scales and to evaluate the specific cover types 
that are affected by weather and climate variability. 
Local case studies may be needed to document and 
determine the pace of LULCC for climate assess-
ment. A Landsat-scale (30-m resolution) dataset, 
such as the USGS-led National Land Cover Database 
(NLCD), is suited to this application (Fry et al. 
2011). However, an operational assessment would 
require land cover information at a more frequent 
interval than NLCD (updated every 5 years), and in 
order to be more relevant for assessing the connec-
tions between LULCC and climate, the detection 
of LULCC as it is occurring is an appropriate goal. 
The planned U.S. Forest Service (USFS)–USGS Land 
Cover Monitoring System concept that would provide 
Landsat-scale annual land cover disturbance data is a 
stronger, potential long-term candidate (Lebow et al. 
2012). Finally, geospatial land use data are needed to 
understand local- to national-scale social and eco-
nomic impacts and mitigation opportunities. Sectoral 
products, such as USFS Forest Inventory and Analysis 
(FIA) data and National Agricultural Statistics Service 
(NASS) data from the U.S. Department of Agriculture 
(USDA), are useful, but the absence of spatially explicit 
national land use data remains an issue.
New data sources and analysis techniques that have 
been applied to land cover analysis could be extended 
to incorporate time series of both land surface and cli-
mate observations, and then could be used to analyze 
the interactions of LULCC and climate (Knorn et al. 
2009; Huang et al. 2010; Kennedy et al. 2010; Roy 
et al. 2010). Knowledge of such interactions could be 
used to assess the feedbacks between the land cover 
and climate systems (including teleconnections) and 
be incorporated into the next generation of coupled 
LULC and climate models. These activities will be 
helpful to all four major overarching objectives.
III) Increase understanding of the relations between 
climate and LULCC impacts (Fig. 1). This would 
require understanding how
a) weather and climate variables affect various 
LULC types differently;
b) different landscape variables (e.g., ecoregions, 
topography, and land ownership) modify 
these relations; and
c) LULCC and ecosystems respond and recover 
after disturbance events.
Specialties under various academic disciplines 
study LULCC and their interactions with weather 
and climate. Many of these groups have started to 
increase scholarly communications among them-
selves, which has enhanced the f low of knowledge 
in the recent years. Particular attention needs to be 
provided toward further interactions between natural 
and social sciences for improved understanding of 
broader context. It is also needed because human and 
natural systems are not only coupled but also these 
couplings could be diverse over spatiotemporal scales 
and organizational units (Liu et al. 2007). Since land 
use decisions are inherently local and individual, there 
is a strong need to understand the human context. 
However, as noted by Liu et al. (2007), globalization 
has begun to bring many coupled systems closer. As a 
result, interactions among various coupled systems, as 
they relate to LULCC, need to be considered.
Further concerted efforts to expand these col-
laborations between natural and social sciences are 
essential to achieve this objective and would provide 
maximum benefit to society. Land change science 
can play an important role in providing a venue for 
these collaborations. Whether focused on climate 
and LULCC or on human-caused geomorphic 
changes that confound the impacts of weather and 
climate disasters (Werner and McNamara 2007), land 
change science represents a foundational approach for 
understanding the interactions between human and 
environmental systems (Rindfuss et al. 2004; Turner 
et al. 2007). Because of the major impact of LULCC 
on a wide range of environmental (e.g., climate, eco-
systems) and economic, cultural, social, and political 
systems, there is a strong need for interdisciplinary 
cooperation that spans meteorology, climatology, 
geomorphology, ecology, geography, and other social 
sciences.
IV) An assessment capability is needed that provides 
regular information update on the impacts of 
weather and climate conditions and climate 
trends on LULC and LULCC. Reporting should 
focus on providing a clear understanding of 
the economic (including infrastructure), social, 
and ecological impacts, and on the ways LULC 
changes in response to events and trends. Specific 
considerations should include:
a) Distinguishing between short- and long-term 
climate patterns and their impacts on LULC. 
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This will allow decision makers at all levels to 
determine mitigation or coping mechanisms.
b) Establishing the capability to evaluate the 
impacts of extreme weather events on LULC, 
addressing the stresses on economic, social, 
and ecological systems.
c) Providing an explanation on how local and 
regional climate and LULC impacts affect 
national and global economic, social, and 
ecological systems.
d) Providing forecasts on the potential land use 
impacts because of weather events and climate 
trends. These should include information on 
mitigation options and coping mechanisms.
e) Describing how LULCC related to weather 
and climate affect social and economic sys-
tems (e.g., impacts on forest productivity, 
range health, shortened/lengthened growing 
seasons for crop production). This should 
include the impacts of climate-induced 
LULCC on people’s livelihoods.
Regions that are currently experiencing rapid 
LULCC and other ecologica l ly sensit ive and 
vulnerable areas could be considered as candidates 
for mesonets for weather and climate monitoring, 
leading to better understanding of the pathways, 
mechanisms, and processes related to LULCC im-
pacts on the atmosphere. Specifically, in addition to 
existing observation platforms, establishing weather 
and climate monitoring capabilities needs to be con-
sidered in some of the above-noted areas. This effort 
could be completed in phases.
The combination of LULCC and climate may con-
tribute to assessment of impacts of the capability of 
LULC systems to provide future goods and services. To 
detect evidence of land improvement or degradation, 
defining regional reference conditions and identifying 
a reference site can be used to determine the deviation 
from a sustainable state (Stoddard et al. 2006). For 
example, Herrick et al. (2010) show how data from 
the Natural Resources Conservation Service (NRCS) 
National Resources Inventory (NRI), along with 
remotely sensed imagery, soil surveys, and climate 
models, can be used to stratify landscapes in a way that 
allows the definition of reference conditions based on 
the long-term ecological potential of the land. Deviation 
from the reference conditions indicated possible land 
degradation. Moreover, an Integrated Valuation of 
Ecosystem Services and Tradeoffs (InVEST)-like 
approach could be considered in this vein.
Although it is difficult to quantify the societal 
benefits of LULC practices and conditions, some 
research is providing a basis to understand these 
benefits by using more traditional measures of 
economic output. For example, Nelson et al. (2009) 
have developed a modeling tool to predict changes 
in ecosystem services, biodiversity conservation, and 
commodity production levels, and have applied the 
tool to the Willamette basin in Oregon.
V) Maintain an outreach capability (Fig. 1) that 
ensures rapid access to assessment inputs and 
outputs, interpretation of the results, and tech-
nical support for decision makers and scientists 
engaged in climate and LULCC issues.
For this purpose, the communication of results 
and applications services used in assessing LULC and 
climate is critical to ensure the effective use of data, 
models, and analyses. This should include engaging 
and involving stakeholders in decision tool design, 
so that it meets their needs. Partnerships with local 
residents would lead to the development of tools 
that are tailored to the particular needs of different 
stakeholder groups.
AVAILABLE INSTITUTIONAL CAPABILI-
TIES. A sustained assessment of LULCC and weather 
and climate connections would require the participa-
tion of a number of USGCRP department and agency 
members as well as academic and industry research-
ers. Key agency participants and contributions could 
include the following:
EPA—Land change scenario information, with an 
emphasis on the built-up environment
NASA—Land and atmospheric observation missions, 
land surface parameterizations derived from 
remote sensing, land cover and atmospheric 
research, and weather and climate modeling
NOAA—Meteorological and climatological expertise, 
atmospheric observations (including all types 
of atmospheric soundings), in situ instrument 
records, and weather and climate modeling
National Science Foundation—Research support, 
weather, and climate modeling, and participation 
of key observation networks, such as the National 
Ecological Observatory Network (NEON)
National Park Service and U.S. Fish and Wildlife 
Service—Communicating climate change science 
and impacts to citizens
USDA—A wide range of field measurements and 
datasets and assessments, including USFS FIA 
and forest cover products, NRCS NRI and soil 
survey data, National Agricultural Statistical 
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Service annual crop area, and type data and 
agricultural census results
USGS—Land remote sensing, digital elevation model 
(DEM) data/products, land cover map products, 
land change scenarios, land change modeling 
and forecasts, in situ measurements (e.g., stream 
gauges), and climate and land use research
Academic institutions and industry—Extensive 
research capability in all aspects of LULCC and 
outreach infrastructure.
Other nations of the world could also adopt a similar 
approach to use available governmental, academic, 
and private sector resources to accomplish LULCC 
and climate-related sustained assessments.
The integration of federal capabilities will be 
challenging and will require a fresh approach. Beever 
and Woodward (2011a), for example, suggest that 
climate and land monitoring that effectively supports 
resource management might ideally be structured 
to address the actual spatial and temporal scales of 
relevant processes, rather than the artificial bound-
aries of individual land management units. It needs 
to be emphasized that assessment capabilities should 
include the means to evaluate the interactions of land 
use and management with climate change in a way 
that will help decision makers, including landowners, 
to mitigate or adapt to the changes. This would 
require general principles on how the management 
may need to adapt in the context of changing climate, 
rather than working from implicit assumptions on 
static climatic conditions (West et al. 2009). In par-
ticular, land managers and others may need to assess 
whether changes in climate would push formerly 
advantageous LULC conditions beyond the point 
that they provide the necessary goods and services. 
Future LULC management strategies may require 
methods that incorporate an evaluation of how cli-
mate and LULCC effects can combine to influence 
a wide range of social and economic benefits; public 
policy issues, such as the Endangered Species Act; and 
ecological factors, such as the migration of species, 
the shifting mosaics of wetlands, and disturbances 
on climate–biology relations. The mechanisms of 
ecological response need to be incorporated into 
the design of the monitoring systems (Beever and 
Woodward 2011b).
In summary, assessment and monitoring systems 
for understanding the changing relations between 
land use, land cover, and climate should make use of 
information from multiple scales of space and time. 
Field plot measurements of vegetation and land use 
properties, such as those from the USFS FIA program 
and the NRCS NRI and soil surveys, and the Oak 
Ridge National Laboratory–led AmeriFlux towers 
for detailed understanding of carbon dynamics; 
high-density atmospheric observation networks, 
such as mesonets in the ecologically sensitive regions 
and in the regions experiencing rapid changes; and 
long-term ecological research sites are needed for 
detailed understanding of processes. Remotely sensed 
data, particularly the Landsat time series integrated 
with higher- and lower-resolution data, can provide 
information on the spatial magnitude and directions 
of LULCC at multiple scales.
Integration of these data sources in models allows 
bridging the gaps in observation across space and 
time, and permits simulation of processes that are 
not directly observable. Testing of multiple scenarios 
may make it possible to separate the influences of 
different processes (e.g., land management compared 
to climate change or weather extremes), as they influ-
ence ecosystems and human activities. New methods 
of analysis, in which entire time series of images can 
be analyzed at once, provide new possibilities in 
classifying land cover change as it is occurring (Zhu 
et al. 2012). It is possible that the algorithms used 
in such analyses could be adapted to analyze joint 
time series of climate change, weather extremes, and 
land cover change to separate and investigate the 
interactions of these variables. Knowledge of such 
interactions could be included in coupled models of 
the climate and be used to forecast scenarios of future 
system behavior (e.g., tipping points). Such forecasts 
could help identify critical weaknesses in existing 
planning for mitigation and adaptation. The assess-
ment system should include continued contact with 
groups that represent decision makers for urban and 
regional planning, agricultural and forest land man-
agement, biodiversity conservation, and ecological 
research, so that the models are sensitive to the types 
of policy choices that will be needed in the future. The 
research should be coordinated with national and 
international campaigns that have complementary 
interests, such as NEON, GEWEX, and the Global 
Earth Observation System of Systems (GEOSS). Data 
sharing among these groups and relevant idea devel-
opment should be part of the activities.
The basic inputs needed for an operational 
LULCC–climate assessment capability are available, 
but some inputs will require improvements or chang-
es in specifications in order to provide the timeliness 
and geographic coverage required. The real challenge 
will be the identification of a federal host to lead the 
assessment process. NOAA, the USDA, and the USGS 
are the logical candidates based on their mission 
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objectives and current investments in climate and 
LULC. The U.S. Global Change Research Program 
provides an appropriate forum for discussion of the 
responsibilities.
CONCLUDING REMARKS. It is now well 
established that LULC forcing and feedbacks play 
an important role in the planet’s climate system. 
Projected climate variability and change will chal-
lenge natural resources managers. Management 
challenges can be compromised when LULCC modi-
fies or complicates strategies for managing climate 
change. As a result, maintaining the societal and 
ecological benefits drawn from the nation’s land 
resources—land cover and land use—requires an 
integrated understanding of the bidirectional links 
between LULC (hence LULCC) and weather and 
climate. That understanding will likely come from 
an assessment capability assembled from the various 
USGCRP agency activities related to LULCC and 
climate change. In this paper, identification of the 
foundations of such a capacity—the state of science 
and the availability of the basic elements that might 
be included in an observing, measuring, monitoring, 
and assessment activity—has begun.
The foundation of climate–LULCC understanding 
and the scientific investigations addressing those 
bidirectional links are growing rapidly. Studies on 
the basic mechanics and processes governing the 
exchange of water and energy between the land sur-
face and the atmosphere are maturing and being used 
in both experimental and operational forecasting. 
Years of land–atmosphere interaction research has 
led to significant maturity in the ability to analyze the 
role land cover plays in weather and climate forma-
tion. As a result, it is increasingly feasible to simulate 
local to regional LULC influences on weather and 
climate formation. The simulation of future LULCC–
climate connections is more complicated because 
most future LULCC projections are not dynamically 
linked to climate and weather models. This is an area 
where more research and development are needed.
The national investments in Earth observations 
can provide the means to identify LULC stresses, to 
map the condition of LULC across the nation, and 
to determine how different regions are changing or 
adapting to different weather and climate conditions. 
While there is considerable capacity to provide near-
real-time monitoring of LULC responses to climate, 
there is currently no operational effort to monitor and 
evaluate those climate-driven LULCC.
A general conclusion is that the basic elements 
needed for monitoring and assessment exist, though 
not necessarily in a format that is optimized for 
the assessment of LULCC–climate impacts and 
feedbacks. The challenge will be the integration 
of capabilities, the enhancement of the different 
elements, and the maturing of assessment frame-
works. Attention to the spatial and temporal scales 
of analysis; the geospatial framework for monitoring, 
assessing, and reporting LULCC–climate issues; 
the detailed specifications; and the validation of 
all inputs, outputs, and model assumptions would 
be needed. There are some obvious areas where 
improvements would be required. Most activities 
do not specifically address the climatic impacts of 
LULCC in Alaska, Hawaii, and the territories of the 
United States. Most observational capabilities are 
more adept in monitoring croplands and forests than 
cities, rangelands, and wetlands. Efforts to integrate 
in situ and remotely sensed data would require more 
attention. Improvements in model coupling would 
also be required. Perhaps most important for LULCC 
assessments is the improvement in geospatial repre-
sentation of land use practices, which are needed to 
understand the extent of the social and economic 
aspects of climate impacts. In summary, the next 
steps are to move beyond independent case studies 
and a rich assortment of technical tools and data, to a 
designed, integrated framework for ongoing national 
assessments.
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